We repurposed the antifibrotic drug pirfenidone-which is approved for treatment of idiopathic lung fibrosis-in a series of patients with nonalcoholic steatohepatitis-related cirrhosis. Our report demonstrates the observed improvements in necroinflammation and regression of cirrhosis with pirfenidone use for 12-weeks, associated with classical hepatic repair complex features on follow-up liver biopsies. This novel work could help stimulate further randomized trials of pirfenidone in patients with nonalcoholic steatohepatitis-related liver fibrosis or cirrhosis, for whom no recommended drug treatments exists currently.
Introduction
Regression of cirrhosis has been demonstrated with antiviral therapy in patients with chronic hepatitis B and hepatitis C virus infections and with immunosuppressants in autoimmune hepatitis. 1 Pharmacological therapies leading to regression of nonalcoholic steatohepatitis (NASH)-related cirrhosis have not been demonstrated. We present here proof-ofconcept in regression of NASH-cirrhosis, through serial liver biopsies, achieved by repurposing the antifibrotic drug pirfenidone (PFD) in three patients.
Case report
Patient-1 is a 30 year-old overweight male, with occasional alcohol intake, abstinent for 18 months after diagnosis of chronic liver disease, and with a family history of diabetes mellitus and cirrhosis. Patient-2 is a 49 year-old overweight female with hypothyroidism and family history of diabetes mellitus, fatty liver disease and dyslipidemia. Patient-3 is a 58 year-old obese female with dyslipidemia, diabetes mellitus, hypothyroidism and systemic hypertension, with family history of fatty liver disease and coronary artery disease. All three patients had biopsy-proven NASH cirrhosis (percutaneous, right lobe only, 16-gauge cutting needle, minimum of five un-fragmented cores, each with minimum length of 20mm and with at least 10 identifiable portal tracts) in the absence of portal hypertension. Other causes for chronic liver disease, including chronic viral hepatitis, alcoholic liver disease, Wilson's disease, autoimmune hepatitis, chronic cholestatic liver disease and hemochromatosis, were explicitly ruled out as per standard diagnostic recommendations.
All three patients were started on PFD (Pirfenex ® ; Cipla, India) at 200mg thrice daily for 12 weeks. All underwent Shearwave elastography (LOGIQ E9; GE-Healthcare, USA) as per manufacturer's guideline recommendation, with at least 4 h of fasting prior to the procedure at baseline and after 12 weeks post-therapy. The right lobe of the liver was chosen for stiffness measurement in all patients, with 10 readings taken by the same radiologist; the final result was generated by the system software as an average (kPa). Liver function tests were performed once weekly for the first 4 weeks and once monthly thereafter. Patients were monitored for adverse events through monthly telephonic interview.
Percutaneous liver biopsy was performed in all three patients at the end of 12 weeks (in view of liver stiffness measurement changes noted at this arbitrary time point) and compared to baseline. Two trained liver pathologists who were blinded to the treatment but not to the patients assessed the liver biopsies, working independently. Informed consent was obtained from all patients included in the study, prior to the start of PFD therapy and before baseline and follow-up liver biopsy procedures. The study was approved by the Institutional Ethics and Review Committee and all protocols conformed to the ethical guidelines as laid out by the Declaration of Helsinki and its latest amendments. The complete patient details at baseline and end of 12 weeks are shown in Table 1 .
Results
Post-treatment, at the end of 12 weeks, in the absence of intentional weight loss (exercise regimen-and dietary Steatosis-Activity-Fibrosis (known as SAF) score, at baseline / 12 weeks S2A2F4 / S0A0F3 S2A2F4 / S0A1F4 S1A4F4 / S0A2F3 * Noninvasive scores like the aspartate aminotransferase-to-platelet ratio index (APRI) and the Fibrosis-4 score (FIB4) have been studied and fully validated in patients with chronic hepatitis C and in patients with hepatitis C and human immunodeficiency virus-related coinfection and not in patients with NASH-cirrhosis, and have low diagnostic accuracy when used alone.
Journal of Clinical and Translational Hepatology 2020 vol. 8 | 100-105 restriction-based), substantial reduction in liver elastography values were notable in two patients and a reduction in alanine transaminase was notable in all three patients. The liver biopsy evaluation revealed amelioration in steatosis as well as inflammation, associated with features of cirrhosis regression, such as thinning and perforation of fibrous septae, presence of isolated thick collagen fibers, delicate periportal spikes, clusters of hepatocytes within portal tracts, splitting of septa by hepatocytes and loss of distinction of hepatic nodules; components of the 'hepatic repair complex' were observed, in varying degrees, in all three patients ( Fig. 1 ). 1 The complete representational images of pre-and post-treatment liver biopsies of all three patients are shown in the Supplementary Figs. 1-6. No adverse events were reported. However, Patient-1 and Patient-3 reported unintentional weight loss (of approximately 2.2 kg at 12 weeks) in the absence of dietary restrictions, anorexia and exercise regimen.
Discussion
PFD is an orally bioavailable pyridone derivative, approved for the treatment of idiopathic pulmonary fibrosis. Oral PFD is rapidly absorbed, reaching maximal concentration at 30 min in fasted, older adults, having a terminal half-life of 2.5 h. PFD is primarily metabolized through the cytochrome P450 enzyme CYP1A2 and excreted through urine. Several high-quality studies on the anti-inflammatory and antifibrotic effects of PFD in small animal models of bleomycin-induced lung fibrosis, cardiac, renal and hepatic fibrosis, and allergen-induced airway-remodeling have been published. 2 PFD exerts multifaceted actions on inflammatory and fibrosis mediators to improve inhibitory effects on multiple pathways, which ultimately lead to liver fibrosis (Fig. 2) . PFD was shown to reduce hepatocyte apoptosis and tumor necrosis factor-a-related fibrogenesis and to markedly attenuate liver fibrosis in a rodent model of human NASH. 3 It was also recently demonstrated that prolonged release PFD in an animal model of NASH led to increase in the peroxisome proliferator-activated receptors-g and -a and liver -X receptora-related metabolic transcriptional factors, causing a reduction in steatosis, and down-regulation of transforming growth factor-b1, nuclear factor-kB and interluekins-1, -6 and -17A eliciting antifibrotic effects. 4 In a pilot trial, patients with chronic hepatitis C virus-related advanced liver fibrosis were given 1200mg/day of PFD for 1 year. The authors found that there was marked reduction in necrosis, inflammation and steatosis on follow-up biopsy, along with liver cell regeneration (measured by antiproliferating cell nuclear antigen immunostaining). Fibrosis was reduced in 30% of patients at the end of 1 year and mRNAs coding for profibrogenic molecules, such as collagen type I a-1, transforming growth factor-b1 and tissue inhibitors of metalloproteinases, were markedly down-regulated by the end of treatment. 5 Angulo et al. 6 studied the utility of PFD (2400 mg/day for 12 months) in patients with primary sclerosing cholangitis. They found no significant changes in liver biochemistries, Mayo risk score, degree of inflammation, fibrosis nor histologic changes in the treated patients at end of 1 year but found adverse events (gastrointestinal symptoms and skin rash) in 83% (which disappeared shortly after stopping PFD) of treated patients. This study, however, used a very high dose of PFD and overlooked cholangitis episodes and other factors that promoted worsening of primary sclerosing cholangitis. A critical review on effects of PFD in animal models of liver fibrosis and clinical trials in humans is shown in Table 2 .
To date, there are no drug treatments that promote regression of NASH-cirrhosis. Glass et al. 7 has shown reversal of advanced NASH fibrosis in patients who lost $10% total body weight through bariatric and nonsurgical methods. However, achieving such targets through rigorous exercise (the ideal dose yet to be defined) or through surgery may not be universally possible or acceptable. Of the 47 drugs that are currently in various phases of clinical trials for the treatment of NASH, none are postulated or demonstrated to target reversal of cirrhosis. Considering the fact that a reasonable number of these potential therapeutic agents are in very early testing phases, it is safe to assume that a long wait is required before the next generation of NASH drugs are available for clinical use. In this regard, drug repurposing becomes the need of the hour. 8 Our report is of a small case series and may not be adequately powered to identify efficacy of PFD in NASH-related advanced liver disease. However, even though not very conclusive, our findings are strong enough to stimulate further studies on PFD in advanced NASH-fibrosis/cirrhosis. It may be argued that the reduction in fibrosis observed in our study could be due to sampling error, but other features of the hepatic repair complex were strikingly evident in all our treated patients, being highly suggestive of PFD-related regression of cirrhosis independent of weight loss or dietary restrictions. Drug-induced weight loss is a known event with PFD use, and this in itself could have caused reversal features of cirrhosis, independent of a direct drug effect. 9 Verma et al. 10 demonstrated acute liver failure due to PFD in an elderly male, aged 77 years, with idiopathic pulmonary fibrosis and multiple comorbidities, including Parkinson's disease. This single report, however, did not consider drugdrug interactions of PFD with other medications ingested by the patient that could have potentiated the liver injury, as was shown in a report by Benesic et al. 11 (also in an elderly male, aged 75 years) which featured the concomitant use of esomeprazole. In our patient, simultaneous use of other medications was well documented and adverse events associated with PFD was not seen at 3 months. Ideally, Sirius red and smooth muscle actin staining for quantification of collagen and the fibrotic area needs to be performed to demonstrate fibrosis regression; unfortunately, the technology and image analysis software for such was lacking at our facility.
Future studies assessing fibrosis regression with off-label or experimental drug use for NASH should ideally include Abbreviations: Cyt-C, cytochrome C; ICAM, intercellular adhesion molecule 1; IL, interleukin; iNOS, inducible nitric oxide synthase; MMP, matrix metalloproteinase; PDGF, platelet-derived growth factor; PPAR, peroxisome proliferator-activated receptors; TNF, tumor necrosis factor; TGF, transforming growth factor; TIMP, tissue inhibitor of metalloproteinases. quantification analyses with methods/technologies that have more subjective acceptance and better reproducibility. Other biomarker combinations, such as those obtained by the Fibrotest ® or Enhanced Liver Fibrosis™ test and ProC3, were also not available at our hospital; regardless, they are not yet validated in Indian patients with advanced NASH-fibrosis. However, the presence of serial liver biopsies (gold standard) along with the findings from the validated method for liver stiffness assessment in our patients add to the improvement in the objective findings of our study.
Conclusions
Even though our case series of three patients with conclusions that are based on raw observations require future, prospective, randomized placebo-controlled trials to confirm our findings related to regression of cirrhosis with use of PFD, our study has demonstrated a proof-of-concept in regression of NASH-cirrhosis with 12-week use of low-dose PFD. This could stimulate initiation of clinical trials to evaluate the repurposing of low-or high-dose of PFD given in the intermediate or long term for early and advanced NASH fibrosis, which could eventually become an important component in the armamentarium of treatments against NASH.
